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ABSTRACT 
Twenty-four cultivars of Chrysanthemum morifolium Ramat. were evalu-
ated for suitability in the development of a rapid production procedure for 
10-cm potted chrysanthemums. Root and plant quality were used as evalua-
tion criteria. Selected cultivars then were used in the development of the 
rapid production procedure. The influence of photoperiod and pinching dur-
ing propagation was studied in order to determine the effect of these fac-
tors on root development and quality. Root and flower development of the 
six cultivars of 10-cm potted chrysanthemums were studied on a year-round 
production schedule by adopting the combined techniques of apex removal and 
direct, short-day planting. 
From the preliminary cultivar screening experiments, six cultivars of 
chrysanthemum, 'Luv', 'Pert', 'Quills', 'Stripes•, 'Surf' and 'Yellow Spin-
wheel', were selected for use in the development of the rapid production 
procedure for 10-cm potted plants. Root development and quality of un-
pinched cuttings were not affected by photoperiod during propagation (all 
short-day photoperiods or long-day photoperiods or any combination of pho-
toperiods). Cuttings which were rooted under short days and pinched at any 
time during propagation (day 0 through day 10, 11 or 12) were not signifi-
cantly different in root development and quality at the end of the propa-
gation period. Finally, total growth time of the plants from an unrooted 
cutting to a finished plant was 53 to 60 days regardless of the season of 
the year. The rapid production program for 10-cm potted chrysanthemums de-
veloped in this thesis minimized the production time and maximized the ef-
ficiency of labor utilization and bench space during production. Use of 
v 
this production program permits the commercial grower to produce slightly 
more than 350 plants per square meter of bench space per year. 
1 
GENERAL INTRODUCTION 
Potted chrysanthemums are a major contributor to the economic impact 
of horticulture in the United States (25). However, increases in fuel 
costs and other related production costs have forced chrysanthemum growers 
to seek alternatives in reducing production costs to maintain economic vi-
ability. Production of the 15-cm potted chrysanthemum, a very important 
segment of the retail florist industry, has stagnated due to increasing 
production costs and subsequent retail cost increases. These increases are 
forcing the 15-cm potted chrysanthemum into a position of special occasion 
sales only (32, 56). 
The horticulture industry is trying to maximize profit by seeking new 
methods which will enable the production of high-quality products inexpen-
sively and efficiently. The market for potted chrysanthemums could be ex-
panded substantially through careful adjustment of plant size and cost (31, 
32, 34, 56). For 11 mass markets, .. the innovative flower merchandisers have 
developed a 11mini 11 potted chrysanthemum (31). Further development of the 
techniques of mass marketing of floral crops will allow consumers to pur-
chase affordable, reasonable quality, small potted chrysanthemums on a rou-
tine basis as found in Europe (33). These chrysanthemums are small in 
size, they keep exceptionally well in the home, and are available in a com-
paratively wide range of colors on a year-round basis. 
The overall objective of this study was to develop a method for the 
rapid production of 10-cm potted chrysanthemums using two techniques which 
possibly could reduce labor and the time plants reside on the bench. This 
study is presented in four sections. The first section is concerned with 
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the preliminary cultivar screening for the rapid production of 10-cm 
potted chrysanthemums. Six cultivars were chosen from the 24 tested, and 
they are used as the cultivars tested in sections 2 through 4 of this 
thesis. The second section deals with the effect of photoperiod during 
propagation on the root quality and development of chrysanthemum cuttings. 
The third section deals with the effect of pinching during propagation on 
the root quality and development of chrysanthemum cuttings. The final 
section presents information on the development of roots and flowers dur-
ing the production schedule on a year-round basis. 
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REVIEW OF LITERATURE 
Photoperiodic Control of Flowering 
The discovery that flowering could be regulated by the relative length 
of the light and dark period in each daily cycle was realized first by 
Tournois, as cited by Vince (64) and Vince-Prue (65). He determined that 
hemp and hops flowered earlier in short days than in long days (64, 65). 
At about the same time, Klebs carefully controlled the environment while 
studying flowering in sempervivum funkii L. (Cobweb Houseleek), and recog-
nized that flowering could be accelerated by long days {24). It was Garner 
and Allard, however, who first showed clearly that flowering and many other 
responses in plants could be accelerated either by a long photoperiod or by 
a short photoperiod, depending on the plant and the desired response (26). 
Subsequently, Laurie showed that it was possible to modify the natural pho-
toperiod within the protected environment of the glasshouse. This was ac-
complished by· covering plants with an opaque cover that created a shorter-
than-natural photoperiod. This technique has been used extensively to ex-
tend the natural flowering season of responsive, photoperiodic species, 
such as the chrysanthemum (45). 
In Chrysanthemum morifolium Ramat. (a short-day plant), the inflores-
cence must have progressed at least to the stage of floret initiation if 
open flowers are to develop following transfer to long days. When plants 
are transferred to long days before floret initiation, the inflorescence 
primordia cease development and axillary buds resume vegetative growth (57). 
This set of circumstances leads to crown bud formation and results in 
an unsalable plant. Cockshull and Hughes have described a series of 
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flower stages based upon the macroscopic development of the complete chry-
santhemum inflorescence, and this scale has been used to measure the rate 
of flower development under different treatments (18, 19). 
Post showed that the critical day length for chrysanthemum flower de-
velopment is shorter than that required for flower initiation (52, 53). 
One week of short days (SD) is sufficient to initiate the capitulum (55), 
but a greater number of SD is necessary for complete development of the 
chrysanthemum inflorescence (9, 17, 20, 23). Although flowering in a 
short-day plant (SDP) requires exposure to a sufficient duration of dark-
ness, inductive dark periods are usually found to be without effect unless 
they are preceded by periods of light. The requirement for light before 
an inductive dark period was first demonstrated by Hammer and Bonner (28). 
The immediate products of a period of light appear to be more important 
than stored assimilates. This has been shown in chrysanthemum where the 
intensity of the daily light period strongly influences the response to in-
ductive long nights, and where flowering is considerably delayed under poor 
light conditions (64). 
Borthwick (3), Borthwick and Cathey (4), and Cathey and Borthwick (12, 
13, 14) have shown that phytochrome functions in the chrysanthemum and in 
certain other SD plants. Flowering also can be inhibited in some kinds of 
SD plants by a few minutes of far-red radiation at or near the beginning of 
the dark period (5, 11, 12). Flowering of chrysanthemum plants under short 
photoperiods is prevented when the plants are irradiated near the middle of 
a long night (10, 13, 14, 61, 65, 66). Although the photoperiod-triggering 
action causes the plant to change from the vegetative state to the 
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reproductive state, the duration and the intensity of light needed daily 
to maintain a changed condition varies with plants (8). 
The critical day length for flower initiation varies with cultivar, 
while temperature and plant size interact with day length to determine the 
natural flowering season. The manipulation of these factors has led to 
commercial, all-year-round (AYR) production of chrysanthemums in glass 
houses (35, 38, 40, 41, 42, 43, 51, 58, 61, 62). Post also noticed that 
interrupted SD treatment caused a slight increase in flower size and that 
the individual flower heads had longer peduncles, allowing the flowers to 
stand farther apart (54). Larsen showed that the most important effect of 
interrupted SD treatment was that it produced a very slender, delicate 
spray (42). Therefore, the control of chrysanthemum crop production by 
manipulation of the environment has been one of the major horticultural 
successes of the last several decades. If SD and bud-inducing temperatures 
are given prior to the date of flowering, crops will flower earlier, but 
stems will certainly be short (40). SD treatment may have advantages in 
reducing the time of flower development and reducing the stem length in the 
production of small-sized chrysanthemums (40). 
Pinching 
Regulated flowering is a desired aspect of the culture of many orna-
mental plants (15, 16, 20, 30, 44, 60). Cultural practices employed to 
manipulate plant size and the time of flowering have included pinching, 
pruning and disbudding (27, 33, 35, 39). In general, the function of 
pinching is the removal of the terminal growth point, and this encourages 
axillary buds to start growing. Cessation of lengthwise growth is caused 
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naturally by the conversion of a leaf bud into a flower bud. During pinch-
ing, it is done artificially by the removal of the growing terminal (23, 
67). There are three distinct reasons for pinching, and the foramtion of 
axillary buds is fundamental to each of them. 
Pinching is practiced: a) to determine the number and location of 
branches and the time of their formation; b) to control the height of the 
plant; and c) to control the time of flowering for determining the charac-
ters of flower buds (1, 23, 37, 59). There are two types of pinch: a soft 
pinch and a hard pinch. If the latter is made in heavily lignified tissue, 
it is, in effect, pruning. In chrysanthemum culture, the term "pruning" 
refers to the removal of unwanted growth resulting from pinching {37, 59). 
A soft pinch is the removal of only the turgid, tender growth of the stem, 
and it is best made early in the day when the sap is flowing freely, be-
cause this encourages vigorous branching from the leaf nodes just below the 
pinch. Hand pinching is done by removing approximately 3 to 4 mm of the 
first set of partially unfolding leaves. A hard pinch is due to the neg-
ligence of the grower to make a soft pinch at the correct time (1, 37, 59). 
Pinching stops the upward growth of the stem and starts the growth of 
axillary buds immediately below the pinch. The strongest branch that re-
sults from these buds will be formed in the most rapidly growing region, 
the nonlignified tissue near the growing point. Pinching to control stem 
length is especially valuable in balancing the branches of multiple-stemmed 
plants. Sen and Naik noticed that growth regulator treatment of pinched 
plants resulted in reduced plant height and number of nodes compared to un-
pinched plants (58). The flower may be either advanced or retarded to some 
extent by timing the pinch. The earliest pinch that will give a terminal 
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bud will produce the earliest possible flower by this system of pinching, 
and later pinches will give progressively later flowering {1, 37). After 
the original cuttings are planted, a soft pinch usually speeds up and im-
proves the formation of new growth at each node. Therefore, the practice 
of pinching can be used for achieving the desired number of breaks, height 
of the plant, and a suitable habit of growth. The growth rate can be ma-
nipulated to produce flowers at the time it is desired by either pinching 
or disbudding. It must be understood, however, that other factors, such 
as night length, stem maturity, and temperature, play an important part in 
the ultimate formation of the bud. 
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SECTION I. PRELIMINARY CULTIVAR SCREENING FOR 
THE RAPID PRODUCTION OF 10-CM 
POTTED CHRYSANTHEMUMS 
9 
INTRODUCTION AND REVIEW OF LITERATURE 
Chrysanthemums are grown year-round in carefully controlled conditions 
to produce reproductive growth, or flowering, as desired. Chrysanthemum 
cultivars differ from one another in production time, with some cultivars 
requiring as much as 14 weeks (98 days) from the start of the SDtreatments; 
on the other hand, other cultivars only require 8 weeks (56 days) (20). 
The time of flowering of chrysanthemum is determined by the response of 
each cultivar to the daily photoperiod regime under which it is grown (46). 
Height control in potted chrysanthemums is of constant concern, be-
cause the height of the finished plant must be within certain limits. Cul-
tivars are classified as short, medium, or tall, and this reflects the dif-
ferences in their height potential. New root growth should be evident sev-
eral days after sticking; when new roots develop slowly, stem growth also 
will be slow, and not as many shoots will develop after the pinch. Uneven 
flower bud development may be a problem during the production of pot mums, 
and the development of too few shoots per plant after the pinch can be a 
problem during the production of a well-shaped plant. 
Therefore, chrysanthemum cultivars that are suitable for use as potted 
chrysanthemums must flower on relatively short stems, branch readily, form 
a well-shaped plant, have a rapid production rate, and have flowers of the 
size, shape and color that are desired. 
The purpose of this study was to screen 24 free-breaking chrysanthemum 
cultivars for suitability in the rapid, year-round production of 10-cm 
potted chrysanthemums, and select the cultivars which would be most suit-
able for this type of production. 
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MATERIALS AND METHODS 
Twenty-four cultivars of unrooted cuttings of Chrysanthemum morifolium 
Ramat. were obtained courtesy of Yoder Brothers, Inc., Barberton, OH. Un-
rooted cuttings were soft pinched (3-6 mm removed), then quick-dipped to 
1 em for approximately 0.5 second in a solution of 1000 mg/1 indole-3-
butyric acid (IBA) and 600 mg/1 8-hydroxyquinoline citrate (8-HQC) in 50 
percent ethanol. The solution was adjusted to pH 6.0. The basal 2 em of 
each cutting was stuck in a 10-cm pot filled with a soilless medium (Jiffy 
Mix; Jiffy Products of America, West Chicago, IL). Plants were placed pot-
to-pot on the propagation bench under both mist and SD conditions (9-hour 
photoperiod). Intermittent mist was adjusted to 12 seconds every 6 minutes 
on sunny days and 12 seconds every 12 minutes on cloudy days. Intermittent 
mist was applied only during the photoperiod. 
Each cultivar was replicated 40 times and each replicate contained 
only one cutting in a pot. Cutting root growth was measured during the 6-
day interval toward the end of the propagation period (days 8 to 13). Five 
pots per cultivar were removed each day and rated for their rooting quali-
ty based on the method of Bryant (6). At the end of the propagation peri-
od, all remaining pots were moved from the propagation area to a greenhouse 
bench. At this stage, plants were spaced at 13.8 em x 13.8 em center-to-
center and they continually received SO until maturity. Plants were 
treated with 50 ml of micronutrients (Soluble Trace Element Mix, W. R. 
Grace Co., Fogelsville, PA) once and with 150 mg/1 N from a 20-20-20 fer-
tilizer as needed from 14 days after sticking. The concentration of the 
fertilizer was gradually increased to 300 mg/1 N until the plants 
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had open flowers and then decreased to 150 mg/1 over a period of about 14 
days. 
Insects were controlled with Temik®, approximately 35 days after 
sticking. Plants were sprayed once with B-9 at 2500 mg/1 28 days after 
sticking. First visible bud formation, first show of flower color and date 
the first flower was open to greater than 2.5 em were recorded for a cer-
tain number of days during the subsequent development of the inflorescences. 
Plants were considered mature when 60% of all flowers on a plant were open 
to greater than 2.5 em. At maturity, the plants were measured or rated for 
these various quality attributes: circumference (em), height from top of 
the pot (em), flower visual rating, foliage visual rating for both upper 
and lower leaves, visual stem stiffness, visual symmetry from above and 
from the side, fresh weight {g), number of breaks with 1 or more flowers 
greater than 2.5 em, number of flowers greater than 2.5 em and number of 
buds with flowers smaller than 2.5 em per break, total number of flowers, 
and visual root quality. The mean of the visual ratings for root quality 
of the cuttings and specific parameters in given replicates was deter-
mined and used in screening of the cultivars for 10-cm pot plant produc-
tion. 
These screening experiments were conducted during Winter and Spring of 
1982. The results presented in this section are solely from the second ex-
periment (Spring, 1982), but they are representative of the data from both 
runs. 
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RESULTS AND DISCUSSION 
There are differences in the rate at which these cultivars rooted 
under SO (Table 1). Rapid root growth commenced on about day 10, and a 
root system of sufficient quality was obtained 3 days later. None of the 
cultivars could be eliminated on this basis, however, because all cultivars 
eventually had satisfactory root systems by day 13. 
Data in Table 2 show that the range of days from sticking to the ap-
pearance of the first visible flower bud to the unaided eye was 25 to 39 
days. This attribute was not as usable as first believed, because, ulti-
mately, a complete set of mature flowers is desired. The best cultivars 
showed their first color between 41 and 48 days and had their first flower 
open to greater than 2.5 em between 48 and 55 days after sticking. The 
total estimated production times (date the first flower was open greater 
than 2.5 em plus 5 days) of the best cultivars ranged from 53 to about 60 
days. Other cultivars which may be suitable under certain conditions de-
veloped in less than 64 days from sticking. Cultivars which developed in 
more than 64 days probably should be eliminated due to a longer production 
time. 
All cultivars except 'Dramatic' and 'Red Torch' were between 10 and 
15 em tall, and most of the cultivars had between 3.5 and 4.5 breaks per 
plant (Table 2). Cultivars which break more freely are best suited for 
this production technique and should be chosen over cultivars which do not 
break freely. 
The number of flowers which opened to greater than 2.5 em at maturity 
ranged from 4.3 to 20. Cultivars with a lower number of flowers usually 
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Table 1. Visual evaluation of root grow~h of chrysanthemum cuttings 10 
days to 13 days after sticking 
Days from sticking 
Cultivar 10 11 12 13 
1Always Pink• 1.2 1.2 3.6 3.9 
•cherub• 1.0 1.2 2.2 2.6 
•cirbronze• 2.2 2.8 4.0 4.6 
•copper Bowl• 1.2 1.4 2.0 2.4 
•oramatic• 1.6 2.8 3.8 4.8 
•Garland• 1.2 1.4 3.4 4.6 
•Hostess• 1.0 2.0 2.8 3.8 
•rllini Spinwheel • 1.8 3.6 4.4 5.0 
•Luv• 1.0 1.4 2.8 3.1 
•Neptune• 1.2 2.4 3.6 4.6 
•orange Bowl• 1.0 1.6 2.6 3.8 
•Pride• 1.2 1.2 2.0 3.0 
I Qui 11 S I 2.6 4.8 5.0 5.0 
•Red Torch• 1.0 1.4 1.8 3.2 
•Ritz• 1.8 2.4 2.6 4.8 
•Royal Trophy• 1.0 1.4 2.2 3.8 
•spirit• 1.8 3.2 4.2 5.0 
•stripes• 2.0 3.2 4.2 5. o· 
•surf• 1.4 2.6 3.8 4.8 
•Torch• 1.6 2.0 3.2 3.2 
•windsong• 1.6 2.0 3.6 3.6 
•vellow Puritan• 1.0 1.2 2.0 3.4 
•vellow Sophisticate• 1.0 1.4 2.2 4.6 
•vellow Spinwheel• 1.6 2.8 4.4 5.0 
aRatings according to Bryant {6): 1 
fair; 4 = good; and 5 = excellent. 
= unacceptable; 2 = poor; 3 = 
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Table 2. Time of first visible bud formation, first appearance of flower color, first flower greater 
than 2.5 em, and other measures of plant quality of chrysanthemum varieties screened for 
10-cm pot culture by this technique 
Bud Flower 
>2.5cma 
Number Number 
Symmetryb,c 
Uniformity 
Cultivar formation color Height of of of 
(days) (days) (days) (em) breaks flowers developmentc 
'Always Pink' 30 56 64 12.7 4.2 9.3 5.0 5.0 
• Cherub' 38 59 65 14.2 3.6 18.8 2.0 2.0 
• Ci rbronze • 33 59 63 14.0 4.1 20.0 5.0 3.0 
• Copper Bowl' 33 55 62 10.2 3.4 13.7 4.0 5.0 
• Dramatic • 31 52 58 17.0 3.6 10.0 4.0 5.0 
• Garland' 27 55 58 13.6 3.0 10.6 1.0 3.0 
• Hostess • 29 48 56 12.5 3.2 9.8 5.0 5.0 
'Illini Spinwheel' 31 46 59 13.8 3.3 11.2 4.5 5.0 
'Luv• 30 45 52 11.0 3.7 12.7 5.0 5.0 
'Neptune• 27 49 57 13.1 3.0 10.0 1.0 5.0 
'Orange Bowl • 33 57 63 13.9 4.0 9.9 4.5 5.0 
'Pride' 29 55 59 11.8 3.6 8.6 4.0 5.0 
'Quills' 25 41 48 14.9 3.8 10.9 5.0 5.0 
• Red Torch • 39 62 68 15.1 3.1 11.6 4.0 2.0 
• Ritz' d 31 54 59 12.6 3.4 4.3 4.0 5.0 
• Royal Trophy' 37 55 59 14.8 2.9 8.2 3.0 4.0 
'Spirit' 32 50 56 12.8 3.6 8.6 4.0 5.0 
•stripes• 29 45 54 13.4 3.6 7.3 4.0 5.0 
•surf' 30 48 53 11.1 3.7 4.7 5.0 5.0 
• Torch • 27 65 69 14.0 3.5 9.5 3.0 
•windsong• 29 50 57 15.0 3.7 12.6 1.5 
•vellow Puritan• 36 63 69 13.8 3.7 14.4 4.0 
•vellow Sophisticate• 34 59 65 14.2 3.3 9.7 3.0 
•vellow Spinwheel• 27 48 55 14.1 4.4 13.9 5.0 
--
aFirst flower open greater than 2.5 em. 
bMean of the visual symmetry from above and from the side. 
cVisual scale: 1 = unacceptable; 2 = poor; 3 = fair; 4 = good; and 5 = excellent. 
d.Ritz• was replaced by •Pert•. 
2.0 
5.0 
1.0 
2.0 
5.0 
........ 
(Jl 
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had larger flowers and cultivars which had a higher number of flowers 
usually had smaller flowers. 
Table 2 presents data showing the differences in the mean of the vi-
sual ratings of symmetry from above and from the side and the uniformity 
of development. All cultivars except 7 had mean of symmetry ratings of 
4.0 or higher and all cultivars except 7, 'Cherub', 'Cirbronze', 'Garland', 
'Red Torch', 'Torch', 'Yellow Puritan•, and 'Yellow Sophisticate•, had uni-
formity ratings of 4.0 or above. Although these parameters are subjective, 
a lot of merit should be placed on them because a nonsymmetrical plant is 
undesirable to most consumers. In addition, low values for the uniformity 
of development are associated with slower rooting and slower flower bud 
initiation and development (compare results in Tables 1 and 2). 
The visual root quality, visual foliage quality after harvest, and 
visual flower quality after harvest were very high for all cultivars, and 
there were no differences between the cultivars. Data concerning these 
parameters are not presented. 
Observation of the data in Tables 1 and 2 and Figure 1 shows that no 
single measure of plant quality could be used to predict the response of a 
cultivar to this production technique. Laurie reported that chrysanthemum 
cultivars which are suitable for use as potted chrysanthemums must flower 
on relatively short stems, branch readily, have a rapid production rate, 
and have flowers of the size, shape and color that are desired (46). 
Therefore, cultivar selection based on this study should take into con-
sideration the requirements of the markets and consumers in regard to 
those factors. 
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Figure 1. The six cultivars of chrysanthemum selected for further re-
search on this rapid production program 
A. • Luv• 
B. • Quills • 
C. 1 Ritz• 
D. • Stripes • 
E. •surf• 
F. •vellow Spinwheel• 
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B 
Figure 1. Continued 
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c 
Figure 1. Continue d 
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E 
F 
Figure 1. Continued 
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The results of these experiments show that 6 cultivars, 'Luv• (pink), 
'Ritz•, 'Stripes• and 'Yellow Spinwheel' (yellow), and 'Quills' and 'Surf' 
(white), had the shortest production time, 53 to 64 days, and the highest 
quality as 10-cm potted chrysanthemums during the winter (Figure 1). 
Bronze cultivars were not selected for this production program due to sea-
sonal demand; however, the best bronze cultivar was 'Dramatic'. 
The results of this study show that there are differences between cul-
tivars in their response to this rapid production program for 10-cm potted 
chrysanthemums, and certain cultivars of chrysanthemum can be produced 
rapidly in 10-cm pots. Chrysanthemums have been classified by Okada ac-
cording to their response to daylength (40), and Doorenbos and Kofranek 
noticed that cultivars of Chrysanthemum morifolium differ from one another 
in their rates of bud development and flowering times (20). These differ-
ences between cultivars in the response group are well-documented by re-
searchers (35, 40, 41, 46). 
There is somewhat of a correlation between root development and in-
florescence development because cultivars which rooted rapidly had faster 
flower development (Tables 1 and 2). In addition, cultivars which rooted 
faster could be moved from the propagation bench sooner, reducing disease 
problems, and they normally began flower development more rapidly (46). 
As shown in Table 2, the height to which most of these plants grew would 
be satisfactory for production in a 10-cm pot. These plants were treated 
once with 2500 mg/1 B-9 28 days after sticking, and they were grown in the 
winter. Thus, cultivar selection based on this research should be gov-
erned by these facts. Figure 1 shows that the best 6 cultivars, 'Luv•, 
'Ritz•, 'Quills', 'Stripes•, •surf', and 'Yellow Spinwheel •, would be 
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excellent starting points for the rapid production of high-quality, small 
chrysanthemums by this technique. 
In accordance with their commercial descriptions (Yoder Brothers, 
Inc., Barberton, OH), all cultivars take 8 to 10 weeks (56 to 70 days) for 
production. Data in Tables 1 and 2 and Figure 1 show that winter-time pro-
duction times, from sticking to a commercially finished plant, ranged from 
about 53 to 64 days. If an average production time of 60 days is used, it 
can be seen that about 6 crops per year could be produced in a given area. 
Therefore, high-quality crops at the correct time in a year-round chrysan-
themum production schedule are possible when well-tested cultivars are 
used for this production program for 10-cm potted chrysanthemums. 
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SECTION II. EFFECT OF PHOTOPERIOD DURING PROPAGATION 
ON THE ROOT DEVELOPMENT AND QUALITY 
OF CHRYSANTHEMUM CUTTINGS 
24 
INTRODUCTION AND REVIEW OF LITERATURE 
The rooting response of cuttings of some species is affected by photo-
period (65). The method used commercially to produce chrysanthemums as pot 
plants has been to start with cuttings taken from stock plants which have 
been kept in the vegetative state under long photoperiods. The unrooted 
cuttings are rooted, normally in LO. SO conditions are not given until the 
rooted cuttings have been potted, and, sometimes, even a period of one to 
three weeks of LO may be given after potting, depending on the variety and 
the time of year (49, 50). The longer this period of LO continues, the 
greater the delay in flowering and the more the production from a given 
area is reduced. 
Hansen and Fisher showed that high levels of irradiation of stock 
plants has increased the number of roots per cutting in chrysanthemum (29). 
On the other hand, it usually has been found that low irradiation, shading 
or etiolation stimulates root formation in certain species. Kawase showed 
that shading the basal part of the cuttings enhanced rooting (36), while 
irradiation of the basal internode of stem cuttings of pea had the opposite 
effect (21, 22). The relationship between rooting and subsequent growth of 
the cuttings after planting has been given very little attention, while 
many studies have shown that enhanced rooting occurred under LO. Borowski 
et al., showed that 2 to 4 SO during propagation of the cuttings increased 
the number of initiated roots per cutting (2). Butters observed that SO 
treatment of potted chrysanthemum cuttings in the rooting bench resulted in 
the initiation of flower buds at the time when roots were forming and that 
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the time to f1owering was reduced by up to 13 days during summer and autumn 
(7). 
The purpose of this study was to determine if there is any detrimenta1 
effect of photoperiod during propagation on the root qua1ity and deve1op-
ment of 6 cu1tivars of chrysanthemum cuttings on a year-round basis. 
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MATERIALS AND METHODS 
Six cultivars of unrooted cuttings of Chrysanthemum morifolium Ramat., 
1 Luv•, •Pert•, •Quills•, •stripes•, •surf•, and •vellow Spinwheel •, were 
obtained courtesy of Yoder Brothers, Inc., Barberton, OH. Unrooted cut-
tings were dipped to 1 em for approximately 0.5 second in a solution of 
1000 mg/1 indole-3-butyric acid (IBA) and 600 mg/1 a-hydroxyquinoline 
citrate (8-HQC) in 50 percent ethanol. The solution was adjusted to pH 
6.0. The basal 2 em of each cutting was stuck into a soilless medium con-
taining 50:40:10 Hypnum peat moss:perlite:vermiculite (Re-Peat Brand Pro-
fessional Growers Mix~ Eli Colby Co., Lake Mills, IA). Intermittent mist 
was adjusted to 12 seconds every 6 minutes in summer or on sunny days and 
12 seconds every 12 minutes in winter or on cloudy days. Intermittent mist 
was applied only during the 9-hour photoperiod. 
Pots were placed on the propagation bench in either the LD group or 
the SO group and each of these groups contained 11, 12, or 13 treatments 
for summer, spring and autumn, and winter, respectively. The major groups 
(blocks) were designated as LD and SO and each of the treatments repre-
sented a day during the propagation period. Each treatment was replicated 
4 times and each replicate received 4 cuttings (observations). On each day, 
an equal number of replicates was moved from SO to LD and vice versa. At 
the end of the propagation period, all cuttings were removed and evaluated 
for root quality using a visual scale ranging from 1 to 5 (6). The mean 
visual rating for the cuttings in a given replicate was determined and used 
in an analysis of variance procedure to determine statistically significant 
differences between short and long day photoperiods (block), treatments, 
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cultivars, seasons, runs (replicates over time), and their interactions. 
The standard error of the mean was computed and it was used to determine 
whether an observation was an ordinary or an unusual value in the treatment. 
The Least Significant Difference (LSD) at the 5% level was used to show 
differences between the mean values of different treatments when the F-test 
was significant. 
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RESULTS AND DISCUSSION 
The effect of photoperiod on the rooting response of unpinched chry-
santhemum cuttings is shown in Tables 3 and 4. The F-test at the 5% level 
of significance for all variables was analyzed for all 6 cultivars in each 
season (Table 3). Duplicate runs (replicates over time) were averaged to 
obtain a single value for each season. Analysis of variance for the effect 
of photoperiod (treatment) showed that there were no significant differ-
ences in the overall rooting response between treatments regardless of cul-
tivars, blocks, and seasons (Table 3). Although cultivars differed sig-
nificantly (P<0.05) in root quality, photoperiod treatments within each 
cultivar did not affect this character significantly. This can be inter-
preted that the effect of photoperiod during the propagation of the chry-
santhemum cuttings did not cause either statistically or visually signifi-
cant differences in root development. 
Since the treatment interaction terms were all nonsignificant (P > 
0.05), treatment means were compared to each other after being averaged 
over cultivars and seasons (Table 4). There were no significant differ-
ences between different photoperiod regimes, and there were no indications 
of any quicker or slower responses to any combinations of LD and SD photo-
periods in root development (Table 4). 
The complexity of the rooting process has been investigated since re-
searchers suggested an interaction between carbohydrate content and auxin 
in root formation. Borowski found that increasing irradiation increased 
the number of roots per cutting, but delayed the appearance of the roots 
(2). This factor also had a positive effect on the subsequent growth of 
Table 3. F-test for all variables analyzed for 6 cultivars in each season (duplicate runs during 
each season were grouped) 
S~ring Sumner 
Variable F-testa PR>F F-testa PR>F 
TRTb NS 0.4343 NS 0.4641 
CIDC Sig 0.0001 Sig o. 0001 
BLKd Sig 0.0433 NS 0. 2911 
TRT x CID NS 0.9077 NS 0.4181 
TRT x BLK NS 0.0965 NS 0.2240 
BLK x CID NS 0.9984 Sig 0.0010 
TRT x CID x BLK NS 0.2151 NS 0.4708 
SEAe 
TRT x SEA 
BLK x SEA 
CID x SEA 
CID x SEA x BLK 
TRT x CID x SEA 
TRT x BLK x SEA 
TRT x CID x BLK x SEA 
aAll variables were tested at the 5% level. 
bTreatment. 
cCultivar. 
dBlock. 
eseason. 
Autumn Winter Overa 11 
F-testa PR>F F-testa PR>F F-testa PR>F 
NS 0.5572 NS 0.0579 NS 0.3790 
Sig 0.0001 Sig 0.0001 Sig 0.0001 
NS 0.0510 NS 0.1821 NS 0.0719 
NS 0.7927 NS 0.1177 NS 0.8499 
NS 0.2845 NS 0.0903 NS 0.0814 
NS 0.6935 Sig 0.0253 Si g 0.0375 
NS 0.2961 NS 0.0710 NS 0.8671 
Sig 0.0004 
NS 0.9991 
Sig 0.0004 
Sig 0.0001 
Sig 0.0001 
NS 0.1602 
NS 0.0781 
NS 0.4118 
N 
~ 
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Table 4. Hean root quality of the overall rooting response of the six cul-
tivars of chrysanthemum over all four seasons as affected by dif-
ferent photoperiod regimes during propagation 
Long da~ block Short da~ block 
Number of days 
Meana,b 
Standard Number of days 
Meana,b 
Standard 
of photoperiod error of of photoperiod error of 
treatment mean treatment mean 
0-12c 4.61 0.037 0-12d 4.64 0.031 
1-11 4.59 0.029 1-11 4.61 0.027 
2-10 4.65 0.027 2-10 4.61 0.030 
3-:-9 4.61 0.032 3-9 4.58 0.031 
4-8 4.64 0.029 4-8 4.65 0.027 
5-7 4.68 0.027 5-7 4.59 0.030 
6-6 4.63 0.028 6-6 4.63 0.034 
7-5 4.62 0.030 7-5 4.63 0.030 
8-4 4.62 0.028 8-4 4.59 0.036 
9-3 4.57 0.033 9-3 4.59 0.033 
10-2 4.63 0.030 10-2 4.65 0.029 
11-1 4.65 0.033 11-1 4.61 0.037 
12-0 4.71 0.026 12-0 4.75 0.044 
Combine de 4.63 0.035 Combined 4.63 0.042 
aAll mean values are nonsignificant at the 5% level. 
bEach value represents the mean of 4 seasons, 2 experiments/season, 
and 6 cultivars/experiment. 
cThe first digit indicates the number of LO and the second digit the 
number of SO. 
dThe first digit indicates the number of SO and the second digit the 
number of LO 
eCombined means over all treatments. 
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rooted cuttings. SO treatments (2 to 4 days) of the cuttings delayed the 
rooting process but increased the number of initiated roots per cutting 
compared with the control (continuous irradiation) (2). This dark treat-
ment might have caused etiolation of the basal part of the cuttings, which 
has been found to stimulate root formation (36). The degree of inhibition 
of rooting was mainly dependent on the level of irradiation of the basal 
internode (21). Eliasson noted that irradiation of the basal part of the 
cuttings prevented the action of endogenous auxin in the root forming 
process (22). Thus, an explanation is difficult to give as to the effect 
(or lack thereof) of photoperiod on rooting of chrysanthemum cuttings. 
Further studies involving carbohydrate and auxin should be carried out 
using Chrysanthemum morifolium Ramat. to determine more precisely the ef-
fect of photoperiod. 
There were significant differences in root quality due to cultivars 
and seasons (P <0.05), and a significant interaction between cultivars and 
seasons (Table 3). Because of this interaction, cultivar differences were 
analyzed within seasons, and season differences within cultivars. Since 
there was a significant interaction term, cultivars x block x season, the 
root quality of the cuttings was averaged over treatments for each of the 
cultivar x season combinations in each group (block). The root quality 
displayed a significant interaction between cultivars and seasons in both 
groups. These differences are presented in Figure 2. 
This significant interaction is too large to be explained on the 
basis of a main effect of cultivar or season in both groupso By comparing 
the data presented in Figure 2A, the LD group, against those in Figure 2B, 
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the SO group, it can be observed that the interaction effects in both 
groups are nearly the same, and this means that the degree of significant 
differences between the blocks is very low. Thus, it can be noted that 
different photoperiod regimes did not affect root development significant-
ly regardless of cultivar, season and block during propagation. 
There are small differences in the rooting response of the six culti-
vars between groups in spring (LSO(o.os)=0.03). The root quality of the 6 
cultivars was affected in that the LO group rooted better than the SO group 
in spring. Since these differences are so small, it may be that they are 
due more to random variation or differences in cultivars than to the effect 
of photoperiod, and, commercially, they probably would not be of importance 
because cuttings of the 6 cultivars still are satisfactory in root develop-
ment and quality at the end of propagation period. 
The effect of the seasonal variation of the environment on rooting 
also is presented in Figure 2, and the mean over all 6 cultivars rooted in 
spring was significantly better than those in any of the other seasons. In 
addition, the data from the summer experiment showed that the root quality 
was significantly lower than that of any of the other seasons (LSO(o.os)= 
0.03). The results also show that the means from the autumn and winter 
are different from all others and are between the values for spring and 
summer. This, probably, is due to the use of a different propagation bench 
with bottom heat in this experiment, and this gave poorer rooting because 
of fungal diseases which were caused by higher temperatures or relative 
humidities than the propagation bench with bottom heat used in the remain-
der of the study. Even though cuttings rooted worse in summer than in 
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spring, improved rooting of chrysanthemum cuttings in spring may have been 
caused by temperature variations or possibly by changes in the level of 
irradiation. 
Data on the effect of photoperiod show that the root growth was not 
affected by the photoperiod treatment (Table 4). In contrast to the re-
sults of this study, it was demonstrated that high levels of irradiation 
of stock plants with supplementary light increased the production and qual-
ity of cuttings (29). In a series of rooting experiments, Leshem noted 
that in SD photoperiods rooting promotion may be auxin-mediated (47). 
Further, Butters reported that the effect of commencing SD treatments in 
the rooting bench advanced flowering by almost two weeks without the loss 
of quality of the potted chrysanthemum (7). 
The results of this study show that photoperiodic treatments on chry-
santhemum cuttings during propagation have no effect on the root develop-
ment. Thus, this research could be interpreted to mean that, commercially, 
cuttings receiving either all LD photoperiods or all SD photoperiods or 
any combination of long and short photoperiods were of the same root qual-
ity at the end of the propagation period. Therefore, cuttings may receive 
any photoperiod regime during propagation without the loss of root quality 
or development. There will be, however, differences due to cultivars and 
seasons, but not in combination with the photoperiod regime or LD or SD. 
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SECTION II I. EFFECT OF PINCHING DURING PROPAGATION 
ON THE ROOT DEVELOPMENT AND QUALITY 
OF CHRYSANTHEMUM CUTTINGS 
36 
INTRODUCTION AND REV! EW OF LITERATURE 
New developments and techniques made in forcing chrysanthemums in the 
past few decades have influenced their production dramatically, and both 
techniques of pinching and disbudding are important, basic procedures for 
growing all forms of chrysanthemums. The time ofpinching varies with the 
cultivar and with the season of the year. In winter, when plant growth is 
slowest, three weeks or more may be needed before the pinch can be made. 
During other seasons, when growth is more rapid, 10 to 14 days may be all 
that is needed. Pinching should not be based on any certain number of days 
after planting, but, rather, at the time when the plant has made sufficient 
growth to make the proper pinch. A proper pinch leaves enough soft growth 
from which new breaks will develop rapidly. If just the tip is 11 rolled 
out, 11 there should be no danger of pinching into lignified tissue (27). 
The purpose of this study was to determine if there is any detrimental 
effect of pinching during propagation on the root quality and development 
of 6 cultivars of chrysanthemum cuttings on a year-round basis. 
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MATERIALS AND METHODS 
Unrooted cuttings of Chrysanthemum morifolium Ramat., 'Luv•, 'Pert•, 
'Quills', •stripes•, 'Surf', and 'Yellow Spinwheel •, were obtained courtesy 
of Yoder Brothers, Inc., Barberton, OH. The basal 1 em of each cutting was 
dipped for approximately 0.5 second in a solution of 1000 mg/l indole-3-
butyric acid (IBA) and 600 mg/l a-hydroxyquinoline citrate (8-HQC) in 50 
percent ethanol. The solution was adjusted to pH 6.0. The basal 2 em of 
each cutting was stuck into a soilless medium containing 50:40:10 Hypnum 
peat moss:perlite:vermiculite (Re-Peat Brand Professional Growers Mix®, Eli 
Colby Co., Lake Mills, IA). 
Cuttings were placed in 10-cm square pots with a density of 4 cuttings 
per pot (a replicate). Replicate pots were placed pot-to-pot in a com-
pletely randomized block on the propagation bench under SO condition (9-
hour photoperiod). The interval of mist application was adjusted to once 
every 6 minutes for 12 seconds in summer or on sunny days and to once every 
12 minutes for 12 seconds in winter or on cloudy days. Cuttings were di-
vided into 11, 12, or 13 treatment groups for summer~ spring and autumn, 
and winter, respectively. Each treatment (the date during propagation on 
which the cuttings were pinched) was replicated 4 times, and an equal num-
ber of replicates were pinched at its predetermined date during the propa-
gation period, ending on day 10~ 11~ or 12, depending upon the season. 
Duplicate runs (replicates over time) were made during each season for an 
entire year. 
Upon completion of the experiment~ cuttings were removed and evalu-
ated for root quality using a visual scale ranging from 1 to 5 (6). The 
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mean of the ratings given to each of the cuttings in each replicate was de-
termined and an analysis of variance was performed to test for statistical 
significance between various days of pinching, cultivars, seasons, runs 
(replicates over time), and their interactions. Statistical analysis was 
accomplished through SAS using the analysis of variance. The Least Signif-
icant Difference (LSD) at the 5% level for the differences between mean 
values was applied when the F-test was significant. 
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RESULTS AND DISCUSSION 
The effect of pinching on the rooting response is presented in Table 
5. Results reveal that there are no significant differences in the rooting 
response between pinching treatments (date of pinch during propagation), 
regardless of cultivar and season, but that there are cultivar and season 
effects (Table 5). Some treatment x cultivar and treatment x season inter-
actions were present, but were not significant at the 5% level (Table 5). 
However, no trends were detectable in either type of interaction, because 
the cultivar and season under consideration respond independently of each 
other and the effects of pinching are the same for these factors (Table 5). 
Table 5. Results of the F-test for all variables analyzed 
Variable F-test resul tsa PR > F 
Treatmentb NS 0.678 
Cultivar Sig 0.0001 
Season Sig 0.0001 
Treatment x cultivar NS 0.555 
Treatment x season NS 0.262 
Cultivar x season Sig 0.0001 
Treatment x cultivar x season NS 0.071 
aAll variables were tested at the 5% level of significance. 
bThe treatment is the day of pinching during propagation. 
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The results show that pinching chrysanthemum cuttings at different 
times during the propagation period did not cause statistically or visually 
significant differences in root development and quality (Table 5). Although 
cultivars and seasons differed significantly (P <0.05) in root quality, 
pinching treatments within each cultivar or season did not affect this 
character significantly. Hansen and Fisher showed that decapitation and 
disbudding of the cuttings on days 2 to 5 after the beginning of the root-
ing period resulted in a stimulation of the rooting process, and decapita-
tion and disbudding later than day 7 had no significant influence on the 
rooting process as measured by the number of roots per cutting at the end 
of the rooting period. Based on the work of Hansen and Fisher and the 
above results, it is evident that an explanation is difficult to give for 
the effect of decapitation on the rooting of chrysanthemums as found by 
Hansen and Fisher (29). However, cultivar differences may have contributed 
to the effect observed by Hansen and Fisher. Thus, the results of this 
research could be interpreted to mean that cuttings pinched at any time 
during propgation (day 0 through day 10, 11 or 12) were of the same level 
of root quality and development at the end of the propagation period and 
that commercial producers could pinch the cuttings at any time during prop-
agation without a detrimental effect on the rooting process. 
Since there were significant differences in the interaction of culti-
var and season, the root quality of cuttings was averaged over treatments 
for each of the cultivar x season combinations and plotted (Figure 3). 
A significant interaction between cultivar and season is difficult to in-
terpret on the basis of either the effect of cultivar or the effect of sea-
son because the main effects are not independent of one another. The data 
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show that differences occur between cultivars and that •Quills• and •vellow 
Spinwheel• are not different (LSD(O.OS)=0.04) from one another, but that 
they root better than the other cultivars in autumn and winter. It should 
be noted that, although there are statistical differences between culti-
vars, these differences are probably too small to be commercially signifi-
cant, because all cultivars rooted satisfactorily (over 4.3) at the end of 
the propagation period. These cultivar differences might be changed by al-
teration of the environmental conditions, and the use of different culti-
vars would probably result in further differences. This is supported by 
the work of Laurie, who reported that chrysanthemum cultivars differ from 
one another in their rate of root growth, flower development, and changes 
in the environmental conditions of the various seasons of the year (46). 
There were statistical differences (LSD(O.OS)=0.04) between cuttings 
rooted in different seasons (Figure 3), and those cuttings rooted in spring 
and summer were better than those rooted in autumn and winter. These re-
sults are fairly predictable, though, since most plants show better overall 
growth response during spring and summer {7, 35). Gifford (27) and Laurie 
et al. (46) reported that the fluctuations in rooting quality are mainly 
due to changes in the environmental factors temperature, lighting, water-
ing, humidity and media. From this research, it should be noted that, al-
though there are statistical differences between cultivars and seasons, the 
differences are too small and inconsistent to be of commercial concern. 
The results of this study show, therefore, that cuttings rooted in SO pho-
toperiods may be pinched at any time during propagation without a loss of 
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root development or quality. In addition, pinching at the time of stick-
ing may be an ideal method for use in direct-sticking operations where it 
could save time and labor during the production of 10-cm potted chrysanthe-
mums. 
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SECTION IV. ROOT AND FLOWER DEVELOP~·1ENT 
DURING THE PRODUCTION SCHEDULE 
OF POTTED CHRYSANTHEMUt~S 
45 
INTRODUCTION AND REVIEW OF LITERATURE 
Success in growing potted chrysanthemums under controlled environment 
conditions is enhanced by, and often depends upon, knowledge of the role of 
light and the timing of apex removal. Chrysanthemum production today gen-
erally has two separate phases: A) propagation and vegetative growth in 
LD, and B) reproductive development in SD (35). The method used commer-
cially today to produce potted chrysanthemums has been to start with un-
rooted, vegetative cuttings which are rooted and kept ina vegetative state 
under LD. Usually, a soft pinch is not made until the rooted cuttings have 
been potted. Because of this, the production time can be delayed greatly. 
In recent years, researchers have begun to examine the effect of com-
mencing SD treatments in the rooting bench to see whether the overall cost 
of production and time taken to produce a flowering pot plant could be re-
duced. Butters observed that the total production time was reduced by up 
to 13 days during summer and autumn by using SO treatment of potted chry-
santhemum cuttings in the rooting bench (7). Therefore, the cost and labor 
connected with chrysanthemum production possibly could be reduced by adopt-
ing a new production system which eliminates certain costly portions of the 
production schedule. 
The purpose of this study was to apply the combined techniques of apex 
removal and direct, SO planting to develop a year-round schedule for 10-
cm potted chrysanthemum production. The 6 cultivars used in the develop-
ment of this production schedule were the ones selected from the prelimi-
nary screening studies in the first section of this thesis. 
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MATERIALS AND ~1ETHODS 
Six cultivars of Chrysanthemum morifolium Ramat., 'Luv', 'Pert', 
'Quills', 'Stripes', 'Surf', and 'Yellow Spinwheel', were selected from 
the preliminary screening study of Section I. Unrooted cuttings were ob-
tained courtesy of Yoder Brothers, Inc., Barberton, OH. The basal 1 em of 
each cutting was dipped for approximately 0.5 second in a solution of 1000 
mg/1 indole-3-butyric acid (IBA) and 600 mg/1 8-hydroxyquinoline citrate 
(8-HQC) in 50 percent ethanol. The solution was adjusted to pH 6.0. Un-
rooted cuttings were soft pinched (3 to 6 mm removed) and the basal 2 em of 
each cutting was stuck into a soilless medium containing 50:40:10 Hypnum 
peat moss:perlite:vermiculite (Re-Peat Brand Professional Growers MixGD, 
Eli Colby Co., Lake Mills, IA). Pots were placed pot-to-pot on the propa-
gation bench under SD conditions (9-hour photoperiod). Intermittent mist 
was adjusted to 12 seconds every 6 minutes in summer or on sunny days and 
12 seconds every 12 minutes in winter or on cloudy days. Intermittent mist 
was applied only during the photoperiod. 
Each cultivar was replicated 40 times and each replicate (a 10-cm pot) 
contained one cutting. Cutting root growth was measured during the last 
6-day interval of each propagation period. This took place from 5, 6, or 7 
days to 10, 11, or 12 days for summer, spring and autumn, and winter, re-
spectively. Five pots per cultivar were removed each day and rated for 
their rooting quality based on the method of Bryant (6). At the end of the 
propagation period, all remaining pots were moved from the propagation area 
to a greenhouse bench. At this stage, plants were spaced at 13.1 em x 13.1 
em center-to-center and they continually received short days until maturity. 
47 
Plants were treated with 300 mg/1 N from a 20-20-20 fertilizer and once 
with 50 ml of micronutrients (Soluble Trace Element Mix, W. R. Grace Co., 
® 
Fogelsville, PA). Insects were controlled with l/20th teaspoon of Oxamyl , 
Pratt-Gabriel Division, Miller Chemical & Fertilizer Corporation, Hanover, 
PA) per pot, 35 days after sticking. Plants were sprayed with B-9 at 2500 
mg/1 only on the first experiment of autumn in 1982, and with B-9 at 1250 
mg/1 on the second experiment of autumn in 1982. Other crops were not 
sprayed with growth regulators. First visible bud formation, first show of 
flower color, and first flower open to greater than 2.5 em were recorded 
for a certain number of days during the subsequent development of inflores-
cences. Plants were considered mature when 60% of all flowers on a plant 
were open to greater than 2.5 em. At maturity, the plants were measured or 
rated for various quality attributes on the following bases: circumference 
(em), height from top of the pot (em), flower visual rating, foliage visual 
rating, both upper and lower, visual stem stiffness, visual symmetry from 
above and the side, fresh weight (g), number of breaks with 1 or more flow-
ers greater than 2.5 em per break, total number of flowers, visual root 
quality and visual leaf tip burn. The mean of visual ratings for root 
quality of the cuttings and specific parameters in given replicates was de-
termined and used in an analysis of variance procedure to determine statis-
tically significant difference between cultivars, seasons, runs (replicates 
over time), and their interactions. Duplicate runs of each set of experi-
ments were conducted during each season of the year for an entire year. 
Statistical analysis was accomplished through SAS using an analysis of 
variance. The Least Significant Difference (LSD) for the difference be-
tween the mean values was determined. 
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RESULTS AND DISCUSSION 
The results of the various measurements of each quality attribute are 
presented in Tables 6, 7, 8 and 9. There were no significant differences 
in the root growth response of the 6 cultivars of chrysanthemum cuttings 
between seasons, nor was the interaction of cultivar x season significant 
(data not presented). Therefore, the values in Table 7 for each cultivar 
are the mean over all seasons and represent the day x cultivar interaction. 
The rate at which the six cultivars rooted under SO conditions was signifi-
cantly different (P <0.05) (Table 7). The data in Table 7 show that all 
cultivars commenced root growth before the first day root quality was mea-
sured and that 'Quills' and 'Yellow Spinwheel' rooted more rapidly than the 
other cultivars. In addition, Table 7 shows that rapid root growth com-
menced 4 to 5 days before the end of the propagation period and that a root 
system of sufficient quality was normally obtained 3 to 4 days after this 
commencement of rapid root growth. This allows the plants to be switched 
from the mist propagation area to the production area in a shorter period 
of time. It should be noted, however, that there are no significant dif-
ferences in the rooting response between cultivars at the end of the prop-
agation period and that all cultivars had satisfactory root systems (Table 
7). 
The results of the quality rating parameters of the 6 cultivars were 
averaged over all 4 seasons, and the data are presented in Table 8. These 
results show that there were noticeable cultivar differences in subsequent 
inflorescence development. The fastest response was shown by 'Quills', 
which had its first flower open greater than 2.5 em about day 46, and the 
Table 6. Results of the F-test for all variables analyzed 
Main effect Interaction 
Variablea Cultivar Season Culti var x season 
F-testb PR > F F-testb PR > F F-testb PR :> F 
Root qua 1 i ty Sig 0.0447 NS 0.0823 NS 0.1739 
First visible bud Sig 0.0001 Sig 0. 0001 NS 0.2106 
First appearance flower color Sig 0.0001 Sig 0.0001 NS 0.6425 
First flower open >2.5 em Sig o. 0001 Sig 0. 0001 NS 0.1809 
Circumference Sig 0.0008 Sig 0.0001 NS 0.6581 
Height Sig 0.0001 Sig 0.0001 NS 0.7928 
Fresh weight NS 0.1581 Sig 0.0001 NS 0.3520 
Number of breaks per plant Sig 0. 0101 NS 0.1100 NS 0.0908 
Number of flowers per plant NS 0.0574 Sig 0. 0001 NS 0.2492 
aVisual flower quality, visual foliage quality, visual symmetry from above and from the side, 
uniformity of development and visual root quality also were measured but these parameters were not 
significantly different in cultivar, season or interactions between cultivar and season, so these 
parameters are not presented. 
bAll variables tested at the 5% level. 
+:> 
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Table 7. Mean root quality values of chrysanthemum cuttings from 5 days 
before the end of propagation period to the end of the 
tion period averaged over 4 different seasonsa 
propaga-
Day before the end b At the end of the Cultivar of the ErOEagation Eeriod ,c propagation 
5 4 3 2 1 period 
1 Luv• 1.55 a 2.35 a 3.05 a 3.93 a 4.43 a 4.88 a 
•Pert• 1. 73 ab 2.58 ab 3.30 ab 4.10 a 4.67 a 4.95 a 
•quills• 2.25 b 3.15 c 4.43 c 4.79 b 4.95 b 5.0 a 
• Stripes • 1.83 ab 2.70 ab 3.83 b 4.23 a 4.53 a 4.65 a 
•surf• 1.80 ab 2. 35 a 3.08 a 3.90 a 4.50 a 4.83 a 
• Yellow 2.0 b 2.85 be 3.95 be 4.38 ab 4.84 a 4.98 a 
Spinwheel• 
Overall 1.87 2.66 3.60 4.22 4.65 4.88 
LSD(0.05) 0.35 0.43 0.53 0.65 0.50 0.37 
aDuplicate runs for each season were averaged. 
bCuttings were evaluated from 5, 6 and 7 days to the end of propaga-
tion period for summer (10 days), spring and autumn (11 days), and winter 
(12 days), respectively. 
cMeans within columns followed by unlike letters are significantly 
different at the 5% level using LSD. 
Table 8. Flower development measurements and evaluation of quality attributes of the six cultivars 
of potted chrysanthemums over all four seasonsa 
Parameters 
First visible First appearance First flower 
Culti var bud formation of flower color open >2.5 em Circum- Number of 
(days from (days from (days from ference Height breaks per 
sticking) sticking) sticking) (em) (em) plant 
• Luv' 26.9 cb 44.0 c 52.8 d 44.3 a 11.6 a 3.32 a 
'Pert' 24.9 b 42.6 be 51.4 be 51.0 b 13.8 b 3.74 b 
I Qui 11 S I 22.9 a 38.4 a 46.4 a 51.1 b 16.8 c 3.80 b 
• Stripes • 25.1 b 41.7 b 50.7 b 51.7 b 15.8 c 3.34 a 
'Surf' 27.2 c 43.6 c 52.5 cd 50.5 b 13.8 b 3.39 a 
'Yellow Spinwheel' 28.4 d 46.1 d 54.5 e 52.0 b 16.9 c 3.59 ab 
LSD(0.05) 1.02 1.45 1.34 3.45 1.54 0.38 
aEach value represents the mean of 2 runs (replicates over time)/season and 10 observations/cul-
tivar. 
b~~ans within columns followed by unlike letters are significantly different at the 5% level. 
U1 ..... 
Table 9. Flower development measurements and evaluation of quality attributes of the 6 cultivars of 
potted chrysanthemums averaged over all 6 cultivarsa 
Parameters 
First visible First ap- First flower Fresh Number of 
Season bud formation pearance of open >2.5 em Circumference Height weight flowers per 
(days from flower color (days from (em) (em) (g) plant 
sticking) (days from sticking) 
sticking) 
Autumnb 26.8 be 45.5 c 53.2 c 41.6 a 10.1 a 19.1 a 7.5 a 
Winter 26.9 b 43.3 b 51.3 b 47.8 b 14.2 a 27.9 b 9.2 a 
Spring 25.1 a 41.4 a 50.5 ab 55.8 c 17.1 b 41.6 c 12.4 b 
Summer 24.9 a 40.5 a 50.1 a 55.2 c 17.7 b 42.2 c 12.5 b ()'1 
N 
Overall 25.9 42.7 51.3 50.1 14.8 32.7 10.4 
LSD(0.05) 0.83 1.17 1.10 3.85 1.25 4.87 1.89 
--
aEach value represents the mean of 2 runs (replicates over time)/season, 6 cultivars/run and 
10 observations/cultivar. 
bPlants were treated with B-9 at 2500 mg/1 for first experiment and B-9 at 1250 mg/1 for second 
experiment. 
cMeans within columns followed by unlike letters are significantly different at the 5% level. 
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slowest response was that of 'Yellow Spinwheel' at about 55 days (Table 8). 
All cultivars could be considered commercially ready between 51 and 60 days 
(date first flower open 2.5 em plus 5 days) from sticking the unrooted cut-
tings. There were significant differences in flower development between 
seasons, and inflorescence development was delayed by 2 days in autumn and 
winter compared with that in summer and spring (Table 9). These delays 
carried through to the dates of first flower greater than 2.5 em (Table 9). 
Delayed flower development may have been caused by an alteration of the en-
vironmental conditions, such as the low light intensity in the winter; how-
ever, this 2-day delay would probably not be significant on a commercial 
basis. There is a correlation between root development and inflorescence 
development, since cultivars which rooted rapidly began flower development 
faster (compare in Tables 7 and 8). 
There are differences in the circumference and height of the six cul-
tivars, and the circumferences and heights of the six cultivars were com-
pared after being averaged over all 4 seasons (Table 8). Data show that 
the circumferences of all cultivars except 'Luv' were not significantly 
different and that the height of most of these plants, although signifi-
cantly different, would be satisfactory for a 10-cm pot plant (Table 8). 
Table 9 presents data showing the differences in the plant height over 
all 4 seasons. There was a significant reduction in plant height for 
plants grown during the autumn and winter seasons. The decreased height of 
plants grown in autumn was due to B-9 applications, while the reduction of 
plant height in the winter was probably due to poorer environmental condi-
tions (7, 35). In addition, the B-9 treatment resulted in large reductions 
in circumference, fresh weight and number of flowers per plant (58). 
54 
There were no significant differences (P>0.05) in the fresh weight 
and number of flowers per plant between cultivars (Table 6), but there were 
slight differences in the number of breaks per plant between cultivars 
(Table 8). The differences in the number of breaks per plant, however, 
probably would not be commercially significant. 
The number of flowers per plant which opened to greater than 2.5 em 
at maturity ranged from 7.5 to 12.5 (Table 9). The data indicated, through 
a low standard error of the mean value, that all cultivars had an evenness 
of flowering within the pot regardless of size (data not presented). As 
shown in Table 9, there was a significant (P<0.05) reduction in the num-
ber of flowers per plant during autumn and winter. This reduction in 
flower number may be caused by either the growth regulator treatments in 
the autumn (58) or by alteration of environmental conditions, such as the 
low level of irradiation, in the winter. 
The visual flower quality, the visual foliage quality, the visual 
symmetry from above and from the side, the uniformity of development and 
the visual root quality after harvest also were measured. The mean of 
these attributes was greater than 4.5 in all cases, and there were no sta-
tistical differences between the cultivars and seasons, so data concerning 
these parameters will not be presented. 
Figure 4 shows that the practice of pinching and immediate SO treat-
ment at the time of sticking was successful in achieving the desired height 
and a suitable habit of growth for the 10-cm potted chrysanthemums produced 
in this second project. Since vegetative growth has been eliminated by SO 
treatment from sticking, growth regulator applications, for the nmst part, 
probably would not be needed for the production of these 6 cultivars. 
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Figure 4. The six cultivars of chrysanthemum grown on a year-round 
schedule 
A. 'Luv' 
B. 'Pert' 
c. I QuillS I 
D. 'Stripes • 
E. 'Surf' 
F. 'Yellow Spinwheel' 
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A 
B 
Figure 4. Continued 
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c 
D 
Figure 4. Continued 
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E 
F 
Figure 4. Continued 
59 
The total production time of the 6 cultivars tested was estimated to 
be 51 to 60 days from sticking the unrooted cuttings on a year-round basis 
(Tables 8 and 9). Other researchers have shown that an immediate SO treat-
ment reduced the cropping time from planting to harvest, and that the 
shorter the time under LO, the greater the reductions in production time 
(17, 18, 40, 48, 61). It is known that SO treatment accelerates flower bud 
development and reduces plant height (62). Butters reported that the SO 
treatment of potted chrysanthemum cuttings in the rooting bench resulted 
in the initiation of flower buds at the time when roots were just forming, 
and that the period in the flowering house was reduced by up to 13 days 
during summer and autumn (7). Thus, the cost and labor connected with 
chrysanthemum production can be reduced to a certain extent by adopting 
these two methods, apex removal and direct, SO planting. In addition, this 
rapid production program can eliminate certain costly portions of the pro-
duction schedule on a year-round basis. 
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SUMMARY AND CONCLUSIONS 
The cultivar screening done as a part of this study can be a very use-
ful index for researchers and commercial producers in the selection of cul-
tivars for suitability in the year-round production of 10-cm potted chry-
santhemums. The 6 cultivars selected, 1 Luv•, 1 Pert•, •Quills•, •stripes•, 
•surf• and •vellow Spinwheel 1 would be an excellent starting point for 
growers wishing to try this new technique for the rapid production of 
small-sized chrysanthemums in 10-cm pots. 
The results of the tests of photoperiod during propagation indicate 
that unpinched cuttings may receive any photoperiod regime without a loss 
of root quality at the end of the propagation period. In addition, cut-
tings rooted under SD may be pinched at any time during propagation with-
out a loss of root quality at the end of the propagation period. The com-
bination of immediate pinching and immediate SD may be an ideal method for 
use in direct-sticking operations where it could save time and labor dur-
ing the production of 10-cm potted chrysanthemums. 
Since the studies of the effects of photoperiod and pinching during 
propagation showed that there were no detrimental effects on root develop-
ment and quality, the rate of root and flower development of the six cul-
tivars of chrysanthemums tested could be increased. Based on this infor-
mation and usage in a year-round production schedule, as many as six crops 
per year might be grown on a given bench area. The plants produced using 
this technique of immediate pinching and iwnediate SD treatment are best 
characterized as smaller-sized, and, at the spacing used in this research, 
350 plants could be produced per square meter per year. 
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There is sufficient promise of economic returns with 10-cm potted 
chrysanthemums by adopting the rapid production techniques developed in 
this thesis, and commercial producers of 10-cm potted chrysanthemums should 
use the information in this thesis as a starting point for production under 
their own particular conditions. 
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